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QUESTION 1  THEORIES OF BONDING 
 
1.1 Using VSEPR theory, determine the electronic distributions, the 
stereochemistry and the polarity of the following compounds or ions:  
 
1.1.1 XeF2  (3)  
1.1.2 AtF4
−   (3) 
1.1.3 SOCl2  (3) 
1.1.4 NH2
−  (3) 
 
1.2 Explain why the bond angle in F2O is smaller than in H2O. (2) 
 
1.3 Use the theory of hybridization in solving for the hybrid orbital sets, the 
shapes and bond angles of the following: 
 
1.3.1 Tetracyanozincate(II) ion (4) 
1.3.2 Sulphur trioxide (4) 
1.3.3 Beryllium fluoride (4) 
 
1.4 Draw the molecular orbital energy diagram for each of the following 
compounds and state their bond orders and magnetic properties. 
 
1.4.1 N2  (5) 
1.4.2 CO  (5) 
 
1.5 Use the carbon dioxide molecule as an example to explain the 
molecular orbital treatment of delocalized pi bonding. (5) 
 
    [41] 
 
 
QUESTION 2  CRYSTAL AND LIGAND FIELDS THEORY 
 
2.1 List and explain the factors that affect the magnitude of the crystal field 
splitting parameter, ∆o. (6) 
 
2.2 Draw energy level diagram and indicate the occupancy of the orbitals 
in the following complexes: 
 
2.2.1 d6, octahedral, low spin (2) 
2.2.2 d9, octahedral with tetragonal elongation (3) 
2.2.3 d8, square planar (3) 
2.2.4 d6, tetrahedral. (2) 
 
2.3 Calculate (in units of ∆o) the difference in crystal field stabilization 
energy between the complexes in Question 2.2.1 and Question 2.2.4 
assuming that the ligands are strong field ligands. (5) 
   
2.4 Account for the differences in the magnitudes of the crystal field 
splitting parameters ∆o and ∆t and list the conditions under which 
tetrahedral complexes are likely to be formed in preference of 
octahedral complexes.  (8) 
  
   [29] 
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QUESTION 3  COORDINATION CHEMISTRY 
 
3.1 Give the correct names of the following complexes: 
 
3.1.1 K2[FeO4] 
3.1.2 [Cr(NH3)6]Cl3 
3.1.3 K2[Co(N3)4] (6) 
 
3.2 Write the formula for each of the following coordination compounds. 
 
3.2.1 Tetra(pyridine)platinium(II) tetrachloroplatinate(II)  
3.2.2 Potassium pentacyanonitrosylferrate(II) 
3.2.3 Diamminetrichloro(dimethylamine)cobalt(III) (6) 
  
3.3 Determine the primary and secondary valencies in the 
  [Cr(NH3)4(H2O)2]Cl3 complex.  (2) 
 
3.4 Write formulae or draw structures to illustrate the following: 
 
3.4.1 Geometrical isomers for the complex [Pd(NH3)2(ONO)2]. (2)  
3.4.2 Linkage isomers for the complex [Pd(NH3)2(ONO)2]. (2) 
3.4.3 Coordination-sphere isomers for the complex [Co(NH3)4Br2]Cl  (2) 
 
  
   [20] 
 
 
QUESTION 4  CHEMISTRY OF THE FIRST TRANSITION SERIES  
 
4.1 Transition metals have an incompletely filled d-level. Discuss the effect 
that this has on their oxidation states, their tendency to form complexes 
and their magnetic properties. (6) 
 
4.2 Consider and then discuss the following statements:   
 
4.2.1 Weak field complexes of Mn2+ ions have very pale colours. (4) 
4.2.2 The MnO4
− ion has an intense purple colour in solution. (4) 
 
4.3 How would you confirm the presence of the following ions? Include all  
 the necessary equations. 
 
4.3.1 Ni2+ 
4.3.2 Cl− 
4.3.3 Fe2+ (6) 
 
4.4 Explain the colour changes the drying agent “silica gel” can undergo. (4) 
 
   [24] 
 
 
 
 
 
 
INORGANIC CHEMISTRY 3 CET2B15 – DECEMBER 2014       - 4 - 
 
 
  /5... 
 
QUESTION 5  TRANSITION METAL EXTRACTION 
 
5.1 Give an account of how pure chromium can be obtained from chromite 
ore.  (10)  
 
5.2 Define the following: 
  
5.2.1 An ore. (2) 
5.2.2 A mineral. (2) 
5.2.3 Leaching of an ore. (2) 
 
   [16] 
 
 
QUESTION 6  GROUP IB – THE COINAGE METALS 
 
6.1 The coinage metal silver has a silvery white colour and occurs as 
argentite and as the free metal in nature. Although the metal is rare 
and rather inert, it has many uses.  
 
6.1.1 Give two reasons why silver tends to be noble. (2) 
6.1.2 Explain, using an equation, why silver tarnishes in an atmosphere 
where hydrogen sulphide is present. (3) 
6.1.3 Fully explain how silver can be used to test for different halide ions. (5) 
6.1.4 The silver salts formed in Question 6.1.3 will slowly turn black when 
exposed to sunlight. Explain this phenomenon. (3) 
 
6.2 Give the name of two alloys of copper. (2) 
 
6.3 Write a balanced equation for the dissolution of gold in aqua regia. (2)  
   
   [17] 
 
 
QUESTION 7  GROUP IIB – ZINC, CADMIUM AND MERCURY 
 
7.1 Explain why it is that, unlike the other transition metals, the complexes 
of Group IIB are usually colourless. (2) 
 
7.2 Discuss the occurrence, extraction and purification of zinc from its 
ores.  (8) 
 
7.3 Write a balanced chemical equation for each of the following reactions: 
 
7.3.1 Excess potassium iodide is added to a mercury(II) nitrate solution. (2) 
7.3.2 A sodium bicarbonate solution is added to a solution containing Cd2+. (2) 
 
   [14] 
 
 
    
 
